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New York City is a city of water, with more than eight million residents living on its
islands, creeks, and wetlands, and over 130 neighborhoods located along its 520 miles
of waterfront.
New York City is now facing a perilous future, shaped by sea level rise. In the decades
ahead, the city will be forced to make difficult decisions, as its waterfront communities
are impacted by more frequent storms and devastating floods.
At the frontlines of the city’s fight against climate change is Jamaica Bay, an enormous
estuary located on New York City’s southeast oceanfront. Dozens of neighborhoods are
located in the Jamaica Bay watershed, and its waterfront communities were badly
damaged during Hurricane Sandy. For those living on the bay, tidal flooding, storm
surges, coastal erosion, and drowning wetlands are already common problems, which
are expected to become much worse over the next 30 years.
A host of projects are now rising around Jamaica Bay, to address climate change and
sea level rise. These include berms and levees, sewage upgrades, and saltmarsh
restorations. Much larger projects are on the horizon, including a proposal to build an
massive storm surge gate at the mouth of the bay. These projects will protect the bay
and its communities up to a certain point, but the projections for sea level rise in New
York City are daunting.
By 2050, communities around Jamaica Bay may be faced with daily tidal flooding,
making life along the coastline untenable. By the end of the century, sea level rise may
permanently flood communities around the bay, making them uninhabitable. Before this
happens, plans must be discussed for the possibility of a managed retreat away from
the coastline, relocating residents out of harm's way.
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Jamaica Bay
Jamaica Bay is a brackish estuary located at the western end of Long Island which is
protected from the Atlantic Ocean by the Rockaway Peninsula, and connected to the
ocean via the Rockaway Inlet. The bay is approximately 39 square miles in size, or
25,000 acres, including about 16,000 acres of open water and 3,000 acres of
marshlands and islands.1 The larger Jamaica Bay watershed encompasses
approximately 142 square miles,2 and about 2,957,000 people live in the entire Jamaica
Bay region.3

The Jamaica Bay Wildlife Refuge and Broad Channel Island, 2016. Photograph by Nathan Kensinger.

The bay and its tributaries are bordered by dozens of New York City neighborhoods in
Brooklyn and Queens, and several towns in Nassau County. In Brooklyn, the
neighborhoods situated along the bay’s waterfront and on its tributaries include Mill
Basin, Bergen Beach, Flatlands, Canarsie, Starrett City, Spring Creek, and East New
3

York. The Brooklyn neighborhoods of Marine Park, Gerritsen Beach, Sheepshead Bay,
and Manhattan Beach are situated on the northern shoreline of the Rockaway Inlet, at
the entrance to the bay. The Brooklyn waterfront of Jamaica Bay is encompassed by
two community districts, Brooklyn Community District 18 and Brooklyn Community
District 5. More than 400,000 people live in these two community districts, according to
the 2020 census.4 (See Figure 1.)
Several other Brooklyn neighborhoods are located inland from Jamaica Bay’s
waterfront, in flood zones impacted by the bay’s waters. These include Midwood,
Flatbush, Brownsville, and New Lots. The housing in these waterfront and inland
neighborhoods ranges in size from single-family homes and townhouses, to apartment
tower complexes and NYC Housing Authority (NYCHA) developments with tens of
thousands of residents.

Figure 1. Map of The Neighborhoods of Jamaica Bay, by M. Joy Cytryn, PhD Student, CUNY Graduate Center.
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Alongside these residential areas, the Brooklyn coastline of Jamaica Bay is also home
to thousands of acres of green spaces, including numerous New York City Department
of Parks and Recreation (NYC Parks) parks, wetlands, and natural areas, and the
recently completed Shirley Chisholm State Park, a 407-acre park built on top of two
capped waterfront landfills. The largest system of green spaces on the bay is the
Jamaica Bay Unit of the Gateway National Recreation Area (GNRA), which is managed
by the National Park Service. In Brooklyn, the GNRA includes the Canarsie Pier and
Floyd Bennett Field, a former municipal airport that encompasses more than 1,300
acres of grassland, saltmarsh, tidal mudflats, runways, and airplane hangars. The
GNRA also includes the Jamaica Bay Wildlife Refuge, which spans 12,600 acres of
open water, saltmarshes, ponds, fields, woods, and islands in and around the entire
bay.5

Shirley Chisholm State Park, Brooklyn, 2019. Photograph by Nathan Kensinger.

Jamaica Bay is home to a range of important wildlife habitats, including coastal shoals,
sandbars, mudflats, and intertidal marshes. Several of its tributaries and islands are
home to endangered wetlands,9 including Four Sparrow Marsh, Fresh Creek, Spring
Creek, Hawtree Creek, Hook Creek, Broad Channel Island, and the Jamaica Bay
Wildlife Refuge. Hundreds of species of birds have been seen around the bay in recent
decades, and its waters are home to numerous species of fish and other aquatic life,1
including horseshoe crabs, harbor seals, and muskrats.
Human Habitation of Jamaica Bay
Humans have been living in the area around Jamaica Bay for centuries. The history of
human habitation in the New York City region goes back roughly 11,000 years, to when
the Paleo-Indian people arrived at the end of the last ice age. By the first half of the
1600s, two groups of indigenous people were living near the shores of Jamaica Bay,
according to Dutch and English historic records. The northern and western sides of the
bay were home to the Canarsee, while the southern and eastern sides were home to
the Rockaway. Both the Canarsee and Rockaway groups spoke the Munsee language,
and were a part of the Lenape, a larger association of related peoples who spoke
similar dialects. The Lenape’s territory was known as Lenapehoking, which ranged from
modern-day Connecticut down to Delaware.6
European settler-colonizers first began living in the area around Jamaica Bay in the first
half of the 1600s. A warrant for settlement in this area was issued by Peter Stuyvesant,
the director general of the Dutch colony of New Netherland, in 1656. Jamaica Bay was
named for a Dutch and English settlement that was incorporated in 1660 as a village
called Rusdorp.7 The Europeans living in the area more commonly referred to this
village as Jamaica, a name that is thought to have been derived from an Algonquian
language word for “beaver.” In the Lenape language, the word for “beaver” is tamaqua
or tamaque.6
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Beavers were once plentiful in the Jamaica Bay region, but by the 1800s, they were
nearly driven to extinction across the entire state of New York by fur trappers,
deforestation, and habitat loss. The lucrative fur trade helped spur the development of
New York, which is commemorated by the two beavers that are featured on the official
seal of New York City. In 1975, the beaver was named the official New York State
mammal, despite its population having been decimated by New Yorkers. After an
absence of two centuries, beavers are only now returning to New York City. The first
was spotted in 2007 along the Bronx River,8 and others have since made lodges in
Staten Island. Beavers have yet to return to Jamaica Bay.
Since the arrival of Europeans, New York City has grown into a densely populated
urban metropolis, largely cut off from its waterfront by highways, landfills, and industry.
Over the past 400 years, the city has lost 85 percent of its salt marsh and stream areas,
and 99 percent of its freshwater wetland habitats to development, pollution, landfill, and
erosion.9 In Jamaica Bay, thousands of acres of marshland have been covered over by
residential developments and infrastructure, and the bay is encircled by toxic landfills,
wastewater treatment plants, the Belt Parkway, and John F. Kennedy International
Airport, which was constructed on more than 5,000 acres of wetlands. Over 2,000 acres
of tidal salt marsh islands in the bay have been lost since 1924.10
The Jamaica Bay watershed is now one of the most heavily urbanized regions in the
country, and home to several densely populated residential areas. Its water quality has
been greatly diminished by this urbanization, including pollution from sewage overflows,
landfill leachate, and runoff from the streets and highways that surround it.11 The
survival of the bay’s residential areas is closely tied to the health of its remaining
wetlands, marsh islands, and streams, especially as sea levels rise and storm surges
continue to impact the coast.
Hurricane Sandy in Jamaica Bay
As Hurricane Sandy showed in 2012, coastal storms and storm surges are already an
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existential threat to communities around Jamaica Bay. The bay has a long and well
documented history of regularly occurring extratropical storms and hurricanes, which
have caused extensive flood damage to homes along its shoreline.12 During Sandy, the
storm surge completely inundated the Rockaway Peninsula and Broad Channel Island,
and flooded neighborhoods along the northern side of the bay, damaging thousands of
buildings, leaving behind hundreds of millions of dollars in damage, and causing the
deaths of at least nine local residents.

Broad Channel Island in the aftermath of Hurricane Sandy, 2012. Photograph by Nathan Kensinger.

In Broad Channel Island, a Queens community of about 3,000 residents located in the
middle of Jamaica Bay, 97 percent of houses reported damages from the storm, with
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floodwaters that were often more than four feet high indoors.13 In Gerritsen Beach, a
Brooklyn neighborhood of about 5,000 residents on the north side of the Rockaway
Inlet, the tidal surge inundated the entire neighborhood, filling streets with seven feet of
seawater and badly damaging almost every home in the neighborhood. Floodwaters
reached the upper floors of some homes, causing $22 million in damage and killing one
resident.14
In Canarsie, a Brooklyn neighborhood with over 83,000 residents on the northern
shoreline of the bay, there was significant flooding in numerous homes, with water
coming in from the bay’s tributaries and from the sewer system. The floodwaters were
five to seven feet above grade, and many basements in the neighborhood were
completely flooded, with seawater also entering the ground floors of many homes.15
More than 5,500 homes in Canarsie reported damage from Hurricane Sandy, which is
almost a third of the housing stock.16

Sea Level Rise in Jamaica Bay
All of New York City is facing a tenuous future, shaped by sea level rise and climate
change. Hundreds of neighborhoods near its coastlines will be impacted, as storm
surges grow larger and flooding becomes more frequent and severe. Major storms like
Hurricane Sandy are expected to become more frequent and more devastating, and
tidal flooding will encroach far inland. For Jamaica Bay, which already has a long history
of storms and floods, the coming decades could be worse than anything experienced in
the past.
Sea levels have slowly been rising in New York City for centuries, due in part to the
ongoing thermal expansion of the oceans, melting glaciers and ice sheets, and the fact
that the city is slowly sinking as a result of the last ice age. Between 1850 and 2017, the
average sea level rise in New York City was 0.11 inches per year. Over the course of
161 years, from 1856 to 2017, sea levels rose 18 inches at The Battery, which is
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located at the southern tip of Manhattan.17
Over the next few decades, sea levels are expected to rise much more rapidly, due to
greenhouse gas emissions, global warming, and climate change, which are factors that
are causing an increase in the temperature of the oceans, melting ice sheets, and
changing ocean currents. By 2050, New York City can expect to see between eight
inches and 30 inches of sea level rise, according to the most recent New York City
Panel on Climate Change (NPCC) report. By 2100, New York City will see anywhere
from 15 inches to 6.25 feet of sea level rise. This amount depends, in part, on how
much emissions are cut around the world.17

Jamaica Bay and the Manhattan skyline, 2016. Photograph by Nathan Kensinger.

The NPCC also reports that a new high-impact sea level rise scenario known as
Antarctic Rapid Ice Melt (ARIM) could occur if the Antarctic ice sheet destabilizes. This
would result in a dramatically faster rate of sea level rise, with up to 6.75 feet by the
2080s and 9.5 feet by 2100. Of course, sea level rise will not suddenly stop or slow
10

down in 2100, even if we achieve deep cuts to our emissions. Almost all scenarios
reviewed by the NPCC suggest that sea levels will continue to rise for centuries.17
The high-end projection of 9.5 feet of sea level rise gives an idea of the kind of
catastrophic sea level rise that may also occur after 2100. Even the low-end of the
NPCC’s projections, where sea levels would rise 15 inches in 81 years, represents a
significantly faster rate of sea level rise than what has been observed over the last 161
years.
Across New York City, sea level rise will increase the severity of coastal storm-driven
flooding, like that which occurred during Hurricane Sandy. It will also lead to more
instances of tidal flooding and exacerbate the problem of coastal erosion, and could
drown the city’s last remaining wetlands, which currently have few places to retreat
inland. If sea levels rise to the higher end of the NPCC projections, including the ARIM
scenario, numerous New York City neighborhoods would be permanently flooded in the
later years of this century. The first areas that would be permanently flooded include the
neighborhoods that will initially experience more frequent tidal flooding.17
For many communities around Jamaica Bay, the NPCC’s higher-end sea level rise
projections could result in permanent inundation by the end of this century. With 6.25
feet of sea level rise, much of the Rockaway Peninsula and Broad Channel Island would
be underwater at high tide, and the ocean would encroach deep into the streets of
Howard Beach and Canarsie. (See Figure 2.) The salt marshes around Jamaica Bay
will have drowned, and tidal flooding will be a daily occurrence in many residential
neighborhoods inland, with seawater flowing through the streets from permanently
flooded coastal neighborhoods nearby.
With 9.5 feet of sea level rise, Howard Beach, Bergen Beach, and Mill Basin would also
be underwater, along with much of Canarsie, and the ocean will encroach deep into
East New York (See Figure 3). Higher tides, tidal flooding, and storm surges, amplified
by these higher sea levels, would greatly increase the range of uninhabitable land.
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Figure 2: Map showing the areas of Jamaica Bay that would be below water, with 6.2 feet of sea level rise.
Map courtesy of Climate Central Coastal Risk Screening Tool.
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Figure 3: Map showing the areas of Jamaica Bay that would be below water, with 9.5 feet of sea level rise.
Map courtesy of Climate Central Coastal Risk Screening Tool.

Tidal flooding in Hamilton Beach, Queens, 2017. Photograph by Nathan Kensinger.

Impacts of Sea Level Rise on Jamaica Bay
Jamaica Bay is already experiencing many of the problems that will be exacerbated by
sea level rise, including increased tidal flooding, storm surges, coastal erosion, and
wetland degradation. As sea levels begin to rise more rapidly, these problems will
become much worse. The projections for sea level rise make it virtually certain that
coastal flooding will increase in frequency and intensity around the bay.12
In several Jamaica Bay communities, tidal flooding is already damaging local
residences and businesses. Tidal flooding—also known as sunny day flooding or
nuisance flooding—is the temporary flooding of coastal areas during daily or monthly

13

high tides, and can be especially severe during full moons and new moons, when tides
are at their highest. In communities like Hamilton Beach and Broad Channel Island,
which are in Queens, tidal flooding has been a problem for decades and has become
worse in recent years, according to longtime residents and local representatives.18
During monthly high tides, many of the streets in Hamilton Beach can be flooded by
several feet of seawater, with saltwater damaging vehicles and homes, and making
local travel impossible. The waters of Jamaica Bay rush into the streets, carrying fish
and ducks, stranding cars, buses, and delivery vehicles, and forcing homeowners to
stay indoors. This flooding is amplified on windy and rainy days, and can sometimes last
for weeks on end.18
As sea levels rise, some neighborhoods on Jamaica Bay will face this type of high-tide
flooding on a daily basis. In the Queens neighborhoods of Hamilton Beach and Broad
Channel Island, this could occur by the 2050s.13 In Gerritsen Beach, Brooklyn, this
could occur by the 2080s.14
Sea level rise is also already contributing to the problems of coastal erosion and
wetland degradation around Jamaica Bay. Coastal marshes can help blunt the impacts
of storm surges and tidal flooding by acting as a buffer that slows floodwaters and
waves, before they travel inland. The last remaining salt marsh habitats around Jamaica
Bay are already disappearing, and there is insufficient space for marshes to migrate
inland.9 Sea level rise will drown many of New York City’s remaining wetlands by the
2050s, if protective measures are not taken.19

Sea Level Rise Projects on Jamaica Bay
The city, state, and federal government are already investing hundreds of millions of
dollars into a variety of projects to address the impacts of sea level rise, storm surges,
and flooding around Jamaica Bay. These projects are predominantly short-term
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interventions, which will help protect or preserve aspects of the bay for the next several
decades. They include wetland restorations, street raising projects, and new storm
surge barriers.

West Pond Restoration Project at the Jamaica Bay Wildlife Refuge, 2021. Photograph by Nathan Kensinger

Approximately twenty-five federal, state, and city agencies have jurisdictional
responsibilities around Jamaica Bay and its watershed, and as a result, “governance of
Jamaica Bay has become complicated, multilayered, and in some cases, almost
dysfunctional.”20 As a result, many of the climate change resilience projects being built
around the bay are the result of complicated partnerships between different government
agencies, at different levels of government, engaging with different community
stakeholders having different environmental concerns.
On the Rockaway Peninsula, which shelters Jamaica Bay from the ocean, several large
climate infrastructure projects have been completed or are now underway. In 2017, the
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city completed a $341 million reconstruction of the Rockaway Boardwalk, which was
rebuilt as a collaboration between NYC Parks, the New York City Economic
Development Corporation, and the United States Army Corps of Engineers (USACE).
The project replaced the five-mile-long wooden boardwalk, which was badly damaged
during Hurricane Sandy, with a reinforced concrete barrier, intended to protect
neighborhoods in the Rockaways. This new concrete boardwalk is lined by retaining
walls, baffle walls, sand dunes, and other protective elements, creating a coastal
defense system explicitly designed to resist the impacts of sea level rise and climate
change.21
The USACE is now working on the $336 million Rockaways - Atlantic Shorefront
project, which is constructing 14 new stone jetties and a reinforced dune system along
the Rockaway Peninsula oceanfront, to protect against sea level rise and coastal
erosion. This project will enhance the protections provided by the new boardwalk.
Besides protecting neighborhoods in the Rockaways, these barriers will provide
protection for Jamaica Bay, by blunting storm surges that could push across the
peninsula and into the bay.
In the waters of Jamaica Bay, a number of different projects have been completed, or
are now underway, to restore vital wetlands habitat and marsh islands. The USACE is
currently working on several restoration projects, as part of its Hudson Raritan Estuary
Ecosystem Restoration Feasibility Study (HRE).10 This initiative expands on five earlier
projects that the USACE completed between 2007 and 2012, which restored 160 acres
of endangered marsh island habitat in the bay. The HRE study recommends 20 different
projects across the city, and on Jamaica Bay, these include a $109 million plan to
restore 174 acres of habitat across five more marsh islands, a $35 million restoration of
almost 80 acres of wetland habitat on Fresh Creek, and a $5.8 million oyster habitat
restoration on 10 acres located at the head of the bay. These projects were authorized
for construction in 2020, and are now in the design process.22 The USACE is also in the
design stage of a $12.5 million project to restore 45 acres of wetlands at Spring Creek,
which is expected to break ground in 2023.23
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Fresh Creek wetland restoration in Canarsie, Brooklyn, 2021. Photograph by Nathan Kensinger

In November 2021, the National Park Service and Jamaica Bay-Rockaway Parks
Conservancy announced the completion of the West Pond Restoration Project, which
restored 2,400 feet of heavily eroded shoreline at the Jamaica Bay Wildlife Refuge, on
Broad Channel Island. This $4 million project created nearly 9-acres of new marsh
habitat and a “living shoreline” consisting of 200,000 new native plantings, an oyster
shell breakwater system, and biodegradable coir logs, meant to buffer the impacts of
sea level rise, storms, coastal erosion, and tidal flooding.24
In May 2021, the Natural Areas Conservancy and NYC Parks released the Wetlands
Management Framework for New York City,9 a plan to protect the city’s endangered salt
marsh habitats. This report identifies 328 acres of salt marsh and freshwater wetlands
which could be restored in NYC Parks properties across the city, costing approximately
$472 million. In Jamaica Bay, the plan highlights several priority projects to fund,
17

including a $1 million one-acre restoration in Four Sparrow Marsh, a $12.6 million 4acre salt marsh restoration on Fresh Creek, and a $6.4 million 3.6-acre marsh
enhancement on Broad Channel Island.
In Broad Channel Island and the neighborhoods along Jamaica Bay’s northern
shoreline, a variety of projects are now underway to protect homes and mitigate future
flood risks. In 2020, the city completed a $46 million project which raised three
residential streets in Broad Channel Island two feet higher and installed new storm
sewers. It is now working on an even larger $67 million project on four more waterfront
streets in this community. These two projects are managed by the NYC Department of
Design and Construction (DDC), for the NYC Department of Environmental Protection
(DEP) and NYC Department of Transportation (DOT).25 In October 2021, the
Governor’s Office of Storm Recovery began work on the Fresh Creek Coastal
Protection Project. This $14 million project will help reduce flooding in Canarsie by
upgrading the storm sewer outfalls along Fresh Creek.26

Broad Channel Island street raising project, 2017. Photograph by Nathan Kensinger.
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Further inland, the NYC Department of Environmental Protection (DEP) is now working
to expand its $1.6 billion green infrastructure program, which aims to reduce sewage
overflows across the city by 1.5 billion gallons by 2030. This program is building an
enormous network of bioswales and rainwater catch basins, which can help reduce
local flooding. The DEP has already built hundreds of these small stormwater systems
in East New York, and is currently in the final stages of design for hundreds of new
structures across Canarsie.27
The city is also using zoning and land use tools, to help address the challenges posed
by sea level rise. In the aftermath of Sandy, the NYC Department of City Planning
(DCP) began working on a Resilient Neighborhoods initiative, which studied specific
neighborhoods that are at higher risk from flooding and future storms. In 2017, the NY
City Council adopted a rezoning measure for two of these neighborhoods on Jamaica
Bay—Hamilton Beach and Broad Channel Island—which places strict limits on new
development. These rezonings also established Special Coastal Risk Districts in these
two neighborhoods, which have the express goal of limiting the population in areas that
are “exceptionally at risk from projected future tidal flooding.”28
In March 2021, the City Planning Commission approved similar rezoning measures for
three more Resilient Neighborhoods sites in the Jamaica Bay watershed—Old Howard
Beach, Gerritsen Beach, and Sheepshead Bay.29 These proposed rezonings are now
being considered by the NY City Council. They would limit the heights and types of
future buildings in these flood prone neighborhoods and establish a Special Coastal
Risk District in Gerritsen Beach.

USACE Harbor and Tributaries Study
The largest climate change infrastructure project currently being considered for Jamaica
Bay is the United States Army Corps of Engineers (USACE) New York and New Jersey
Harbor and Tributaries focus area feasibility study (HATS).3 In October 2021, the
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USACE restarted its work on this study, which had been indefinitely postponed during
former President Donald J. Trump's administration. The study is the first step towards
constructing a series of massive storm surge gates in the mouths of various waterways
around the city. Five proposals are being evaluated for this study, and the USACE
expects to select one as a tentative plan this spring.30

Figure 4. Jamaica Bay Surge Barrier initial example, from the USACE.

Three of the proposals being studied by the USACE include a plan to construct a storm
surge barrier at the entrance to Jamaica Bay. This barrier would stretch across the
Rockaway Inlet from Floyd Bennett Field to Jacob Riis Park, just to the east of the
Marine Parkway–Gil Hodges Memorial Bridge. It would be 3,980 feet long, including its
onshore connectors, would cost more than $2.3 billion, and would take nine years to
complete.3 This barrier would not be intended to hold back sea level rise in Jamaica
Bay—just the increased storm surges that could come as a result of higher sea levels,
and more frequent and severe coastal storms caused by climate change. (See Figure
4.)
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The three proposals that include this barrier would also construct barriers at the
entrances of Gerritsen Creek and Sheepshead Bay, along with 22.3 miles of shorelinebased measures, which would include floodwalls, levees, seawalls, and elevated
promenades. In total, this system of barriers would stretch 23.6 miles, from Gravesend,
Brooklyn out to Far Rockaway, Queens. The three proposals that include the Jamaica
Bay barrier are estimated to cost between $17.6 billion and $25.6 billion.3 The New York
City government has advocated for building a storm surge barrier across the Rockaway
Inlet.31 (See Figure 5.)

Figure 5. Jamaica Bay Storm Surge Barrier initial illustration, from the USACE.

Many of the waterfront environmental groups around New York City are critical of the
HATS proposals, including region-wide organizations, such as the Natural Resources
Defense Council (NRDC) and Riverkeeper. Several groups have warned that storm
surge barriers built into the water would disrupt tidal flows and fish migrations, and
result in increased inland flooding and pollution, when the storm gates are closed.32
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Building a barrier at the entrance of Jamaica Bay would have an enormous impact on
the numerous species of fish, birds, and other animals who depend on the bay.
Another worrisome detail is that the HATS proposals are all designed based on a lower
level of sea level rise projections than those stated by the NPCC. The HATS proposals
are intended to address an increase of 1.8 feet of sea level rise through 2100, which is
based on the USACE’s projections that New York City will see between 8.4 inches and
five feet of sea level rise by 2100. This is significantly lower than the NPCC projections
that New York City will see between 15 inches and 6.25 feet of sea level rise by 2100. If
sea levels rise faster than the USACE projections, its barriers will become ineffective
even sooner than expected.
This happened in New Orleans, where the USACE built a $14 billion system of levees
and floodwalls after Hurricane Katrina made landfall in 2005. These barriers were
completed in 2018 and described as “one of the largest public works projects in world
history.” In 2019, just 11 months after completion, the USACE determined that the
barrier system could become inadequate within four years, in part because sea levels
were rising faster than the USACE had projected.33

Climate Infrastructure Projects in New York City
If adopted, the USACE HATS proposals would be the largest climate change
infrastructure project in New York City. However, billions of dollars are already being
invested throughout New York City to create barriers to protect the coast from sea level
rise. These projects help to illustrate the vast scale of work already underway along the
waterfront and the different approaches being taken to mitigate the impacts of climate
change. Many of these projects were funded in the aftermath of Hurricane Sandy and
are being created by city, state, and federal agencies, often working in collaboration.
Barriers of a similar scope or design could be proposed for Jamaica Bay.
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These barriers include the $107 million Living Breakwaters project, which broke ground
off the coast of Staten Island in 2021. This project will construct eight enormous rocky
berms in Raritan Bay, stretching across a mile of waterfront, which will blunt the impacts
of storm surges and coastal erosion. The berms are designed to support marine life,
and will be seeded with oysters from the Billion Oyster Project.34
A few miles up the coast of Staten Island, the USACE is currently designing a massive
5.3 mile long seawall, which will cost $615 million to construct. Like the project
completed along the Rockaway Boardwalk, this seawall would replace the existing
boardwalk on Staten Island’s coast with a variety of berms, walls, and other barriers. It
will also border several neighborhoods that undertook a “managed retreat” away from
the waterfront in the aftermath of Hurricane Sandy.35
In Manhattan, along the coast of the East River in the Lower East Side, the city has
begun construction on the East Side Coastal Resiliency project (ESCR). This
controversial $1.45 billion initiative will construct 2.4 miles of coastal barriers along the
East River waterfront, and will completely demolish and replace East River Park, a
much loved part of the community.36

MTA Coney Island Yard floodwall, 2021. Photograph by Nathan Kensinger.
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The Metropolitan Transportation Authority (MTA) is also finishing up $7.7 billion in
floodproofing and repair projects around the city, which it began in the aftermath of
Hurricane Sandy. These include repairing all of the subway tunnels flooded by the
storm, creating a 12,000-foot-long floodwall around the Coney Island trainyard, and
thousands of smaller flood barriers across lower Manhattan. Broad Channel Island and
the Rockaway Peninsula are linked to the rest of the city by the A train line, which
crosses over Jamaica Bay on tracks not far above the water.37
All of these projects are only intended to address a limited amount of sea level rise,
across a relatively short time frame. The Living Breakwaters, for example, is designed
to mitigate just 18 inches of sea level rise, and has a functional lifespan of 50 years. The
ESCR is designed to address 30 inches of sea level rise, which could occur by 2050.
If sea levels rise several feet, these enormous projects would become largely
ineffective. If sea levels rise by 6.25 feet or 9.5 feet, which is the high end of the NPCC
projections for 2100, no amount of sea walls, berms, levees, and surge barriers will be
enough to permanently protect all 520 miles of New York City’s coastline. Dozens of low
lying neighborhoods, some just a few feet above sea level already, could be
permanently inundated by the ocean. When sea levels rise up to a level where walls
and levees are no longer a plausible solution, what other choice will local residents have
except to retreat inland, away from the water?

Managed Retreat in New York City
Several communities in New York City are already undergoing a “managed retreat”
away from the waterfront to escape from the threat of sea level rise. Managed retreat is
“the strategic relocation of structures or abandonment of land to manage natural hazard
risk,” and can involve demolishing entire neighborhoods that are endangered by sea
level rise or climate change, relocating groups of residents to new areas out of harm's
way, and moving homes, roads, and infrastructure away from flood prone or fire prone
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areas.38 Managed retreat is not a forced evacuation in the aftermath of a storm, or the
seizure of private property to build a storm surge barrier. Instead, it lays out a plan with
local residents who are facing future threats from climate change, and is meant to
facilitate a voluntary relocation process.
In New York City, an official managed retreat has already taken place in three
neighborhoods. These communities—Oakwood Beach, Graham Beach, and Ocean
Breeze—are each located along the eastern coast of Staten Island, just a few hundred
yards away from the Atlantic Ocean, in low-lying areas surrounded by wetlands, creeks,
and ponds. They are primarily occupied by bungalows, one-family homes, and
townhouses, built in areas that have a long history of flooding.

Home demolition in Oakwood Beach, Staten Island, 2016. Photograph by Nathan Kensinger.

During Hurricane Sandy, the eastern coast of Staten Island was inundated by a 14-foot
storm surge, which destroyed hundreds of buildings and killed 23 local residents.
Dozens of houses in Oakwood Beach, Graham Beach, and Ocean Breeze were
25

destroyed or pushed off their foundations, leaving homes sitting in the middle of streets
and scattered across the surrounding marshlands.
In the aftermath of Hurricane Sandy, local residents began talking with the NY State
government about the possibility of relocating away from the waterfront. In February
2013, just a few months after the storm, Governor Andrew Cuomo announced a
proposal to purchase homes in flood prone areas around the state that were damaged
by Hurricane Sandy, demolish them, and revert their land back to uninhabited coastline.
Local residents in Oakwood Beach were already nearly unanimous in their support of
this plan.39
The NY State Governor’s Office of Storm Recovery (GOSR) formalized this plan later in
2013 as the NY Rising Buyout Program. This program explicitly sought to facilitate a
managed retreat by “withdrawing from areas that are vulnerable to the impacts of
extreme weather.” By 2017, the fifth anniversary of Hurricane Sandy, the NY State
government had purchased 650 properties in Staten Island and Long Island, at a total
cost of $254 million.40

Former home sites in Oakwood Beach, Staten Island, 2017. Photograph by Nathan Kensinger.
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In Oakwood Beach, Graham Beach, and Ocean Breeze, nearly all of the local
homeowners participated in this voluntary buyout program, selling their homes to NY
State with the agreement that their land would never be built on again, but would
instead be “returned to nature” as part of a wetlands buffer which would protect other
communities inland. The GOSR has now demolished hundreds of houses in these three
neighborhoods. After each demolition, a specially designed wetlands seed mix was
planted on the empty lots, which sprouted into dense fields of wildflowers and grasses.41
The managed retreat on Staten Island is still unfolding a decade after Hurricane
Sandy, and its overall efficacy is not yet clear. The promise of a permanent wetlands
buffer has not yet been fulfilled. Instead, on some blocks the planted wetlands are
regularly mowed, creating flat, grassy fields, while on others, invasive phragmites have
grown over the former home sites. In Ocean Breeze, three acres of residential land has
been turned into a gravel parking lot and drive-in movie theater for a barbeque
restaurant.42 In Oakwood Beach, ownership of 113 empty lots on six acres was given to
a youth soccer league, to use for recreational ballfields.43
Those homeowners who chose not to participate in the voluntary buyout program are
now living in neighborhoods with permanently flooded streets, which the encroaching
wetlands are slowly filling in with mud and silt. Several new and elevated homes have
also been constructed adjacent to the emptied-out retreat areas, highlighting these two
contrasting approaches to climate change.
A major challenge to the efficacy of the managed retreat on Staten Island has been the
lack of coordination between different levels of government. In the aftermath of Sandy,
the city government was strongly opposed to any notion of retreat and was instead
focused on its Build It Back initiative, which supported residents who wanted to elevate
their storm-damaged homes, build new elevated homes, or sell their property to
developers. The city’s Build It Back program was, initially, directly at odds with the NY
State buyout program, by offering homeowners a different option than the retreat they
had already agreed to.44
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As Governor Andrew Cuomo was signing residents up for his managed retreat program,
Mayor Michael Bloomberg was vociferously objecting to any form of retreat in the city.
"As New Yorkers, we cannot and will not abandon our waterfront. It's one of our
greatest assets. We must protect it, not retreat from it,” Mayor Bloomberg stated in June
2013, while laying out his long-term plans for climate change. “For decades, the City
allowed the waterfront to become polluted, degraded, and abandoned. We have spent
the past eleven years reversing that history and reclaiming the waterfront for all New
Yorkers to enjoy, and we are not going to stop now. To illustrate the futility of retreat,
consider that within FEMA's new 100-year flood maps there are more than 500 million
square feet of New York City buildings—equivalent to the entire city of Minneapolis.
These communities are home to almost 400,000 people and more than 270,000 jobs.
They are not going anywhere, and we cannot and will not abandon them.”45

Ramblersville and Hamilton Beach, Queens, 2016. Photograph by Nathan Kensinger.
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While the New York City government has carefully avoided almost any use of the term
“managed retreat” in the years since Hurricane Sandy, it has actually initiated an
unofficial managed retreat on the northern shoreline of Jamaica Bay. The city has been
purchasing and demolishing homes that were damaged by Hurricane Sandy in an area
of Howard Beach known as Ramblersville, in order to create a new wetlands area
managed by NYC Parks.9 A $4.8 million 5-acre project to remove fill in these lots is one
of the priority projects proposed by the Wetlands Management Framework. While the
framework describes this as being part of a “marsh migration,” it is essentially the same
process that unfolded in Staten Island’s retreat. The city is also organizing an unofficial
managed retreat in Edgemere, a Queens neighborhood located on the Jamaica Bay
waterfront of the Rockaway Peninsula, where it is utilizing buyouts and relocations to
reduce the population density.46
Meanwhile, as the NY State government was buying and demolishing homes in Staten
Island, the Federal government was creating plans for a much larger sea level rise
barrier there, which could eventually dwarf the wetlands buffer created in the managed
retreat areas. The USACE is currently in the design and construction stages of its 5.3
mile sea wall along the eastern coast of Staten Island. This barrier will be built alongside
Oakwood Beach, Graham Beach, and Ocean Breeze, making their demolition seem
less urgent. Would local residents have retreated, if they had known an enormous
seawall was on the way?

Managed Retreat in Jamaica Bay
On Jamaica Bay, the possibility of a retreat away from the water is already recognized
by some of its leading residents. Don Riepe is the Jamaica Bay Guardian for the
American Littoral Society, and has lived on the waterfront of Broad Channel Island for
four decades. He has stated that he expects sea level rise will make his home and
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many others on Jamaica Bay unlivable in the next 25 or 30 years.47 "The clock is
ticking. Not only on Broad Channel, but all of New York City," said Riepe during an
interview for the documentary film Saving Jamaica Bay. "We have so many people
living right along the coast now, it is a recipe for disaster."48

Canarsie, Brooklyn, 2021. Photograph by Nathan Kensinger.

The successes and failures of the managed retreat on Staten Island offer an important
case study for how other retreats could unfold in New York City, in similar waterfront
neighborhoods. Along the coast of Jamaica Bay in Brooklyn, there are several
comparable communities to Oakwood Beach, Graham Beach, and Ocean Breeze,
made up of low-lying, single-family homes, townhouses, and row houses that have been
built near streams and wetlands. These are predominantly located in Mill Basin, Bergen
Beach, and Canarsie, and on the Rockaway Inlet in Gerritsen Beach.
If a retreat were deemed feasible and necessary in these communities, the physical
process of retreat would be relatively straightforward. In Staten Island, homes were
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emptied out and then demolished using excavators and backhoes. After removing the
demolition debris, any underground foundations and basements were dismantled and
filled in, and a wetland was planted on the clean fill.41 A single-family home could be
demolished in a half day of work, and a row of houses, in a day.
One major difference between Brooklyn and Staten Island, however, would be the cost
of a buyout program. Staten Island’s managed retreat took place in three
neighborhoods where home prices were low compared to the rest of the city. The
current price of a house near the waterfront in Staten Island’s neighborhoods that are
adjacent to its buyout areas ranges from around $350,000 to $750,000. Home prices on
the Brooklyn waterfront can be much higher. In Mill Basin, for example, the lowest
asking price for a house on the waterfront is currently $1.4 million. Some waterfront
homes here are elaborate mansions that have sold for over $7 million.49 It could be
considered cost-prohibitive for the city or state to buy a neighborhood of million-dollar
homes in order to demolish it and plant wetlands.
Brooklyn’s coastline also contains several different types of housing stock that are not
found in Staten Island’s retreat areas. This includes the apartment tower community of
Starrett City, which is now named the Spring Creek Towers. This is the largest federally
subsidized housing development in the United States, and contains 46 brick towers
spread across 153 acres, with over 15,000 residents living in rented apartments.50
While it is not currently at risk of being permanently flooded, if a managed retreat were
deemed necessary at Starrett City, the relocation and demolition process would be
extremely complicated and costly. It is difficult to see how the city would be able to
recreate a similar community inland and facilitate an equitable relocation for thousands
of tenants who are paying affordable rent. Finding open land to build on in New York
City is already challenging enough, and will become even more difficult as sea levels
rise, reducing the city’s habitable areas.
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Starrett City, Brooklyn, 2021. Photograph by Nathan Kensinger.

In addition, the waterfront neighborhoods around Jamaica Bay are home to numerous
New York City Housing Authority (NYCHA) developments. Near Brooklyn’s waterfront,
these developments are primarily located in Canarsie and East New York, and include
the densely populated towers of the Bay View Houses (population 3,458), Breukelen
Houses (population 3,441), Linden Houses (population 3,321), Boulevard Houses
(population 2,522), and Pink Houses (population 3,569).51
As sea levels rise, NYCHA anticipates that more than a third of its buildings throughout
the city will be located within the 100-year floodplain by 2100.The largest increase in
NYCHA’s storm surge vulnerability will happen along two waterfronts: the East River
and the northern side of Jamaica Bay, which includes its developments in Canarsie and
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East New York. NYCHA is one of the few city agencies to explicitly address the idea of
“managed retreat” and, while it remains committed to retrofitting its current properties
and protecting them with flood barriers, it recognizes that retreat is a possibility,
although not an ideal one.52
“Although planning for climate change in coastal cities inevitably raises the question of
whether cities should retreat from their most vulnerable coastal areas, any discussion of
managed retreat in New York City must acknowledge that public housing is a unique
asset that is not easily replaced. Other cities that have chosen to demolish public
housing in flood-vulnerable areas after a disaster have struggled to replace the lost
housing units at scale,” NYCHA stated in its 2021 climate plan. “Managed retreat from
NYCHA properties should be considered only as a last resort, and NYCHA will not
propose retreat outside of a coordinated neighborhood-scale plan led by the City. Any
consideration of such options must include detailed planning for one-for-one unit
replacement, secured before NYCHA residents are asked to move.”
While relocating residents away from certain NYCHA developments may become a
necessity, it would be an enormous undertaking. There is not currently enough empty
housing available at higher elevations for the thousands of NYCHA residents who are
living in Jamaica Bay’s floodplains, and building new development complexes at higher
elevations would take many years to complete, at an enormous cost.
In the larger Jamaica Bay Region, almost 70 percent of the census block groups qualify
as environmental justice communities, with predominantly lower-income and minority
populations that have been disproportionately impacted by environmental pollution.3 In
Brooklyn, these environmental justice communities include Canarsie, East New York,
Sheepshead Bay, Flatlands, and Brownsville. Creating a just and equitable plan for
relocating Jamaica Bay’s low-income and BIPOC residents would take many years of
community involvement and the participation of numerous community groups and
government agencies.
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Problematically, an analysis of one of the major sources of federal funding for managed
retreat in cities, the Federal Emergency Management Agency (FEMA) Hazard Mitigation
Grant Program, found that the program was inherently biased along racial lines, both
reflecting and furthering historically discriminatory practices.53
“It starts with whiter central counties and relatively whiter neighborhoods within those
counties being more likely to gain access to federal buyout assistance. It ends with
homeowners in neighborhoods of color being more likely to accept that assistance,
making nonwhite neighborhoods in otherwise white counties the areas of greatest
demolition, statistically,” stated the study, which was published by the American
Sociological Association. “It brings more options and public resources to those living in
more socially advantaged spaces, especially if they own property, while leaving those in
socially marginalized spaces more reliant on government assistance that is not only less
likely to come but less trusted when it does.” 54
Another challenge to planning for a large-scale managed retreat on Jamaica Bay is the
bay’s many overlapping city, state, and federal government stakeholders. Would a
retreat in the residential areas be overseen by the NYC Department of Design and
Construction and NYC Parks, or would it be managed by the Governor’s Office of Storm
Recovery, or a federal agency? Which agencies would be responsible for relocating the
Belt Parkway and JFK Airport, if they were permanently flooded?
The Federal government has already begun creating and funding new policies to
relocate entire neighborhoods away from flood prone areas.55 The FEMA Hazard
Mitigation Grant Program, which was started in 1985 to help farmers deal with chronic
flooding, has been expanded to support managed retreats in 500 cities and towns.54
The U.S. Department of Housing and Urban Development (HUD) also has a program in
place to facilitate buyouts of properties in low and moderate income communities that
are located in floodways, floodplains, or “Disaster Risk Reduction Areas.” Once
purchased by HUD, strict limits are placed on how this land can be used in the future, to
mitigate future storm damage. The funding, which is part of the Community
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Development Block Grant Disaster Recovery program, is also intended to help facilitate
the relocation of residents.56
The first official managed retreat in the United States was funded by HUD’s Community
Development Block Grant. This retreat is taking place in Isle de Jean Charles, a marshy
island on the coast of Louisiana. In 2016, Louisiana received $48.3 million to help
facilitate the relocation of residents there, who are primarily members of the BiloxiChitimacha-Choctaw tribe. The funds are earmarked to build a new community of over
500 homes, 40 miles inland away from the coast.57 After a 10-year process, this new
community may soon be complete.58
In the meantime, the increasingly urgent need to relocate residents away from flood
zones has led the USACE to begin using the threat of eminent domain to force some atrisk communities to accept government buyouts. This policy shift was first announced in
2015, when the USACE stated that voluntary participation in its acquisitions,
relocations, and permanent evacuations programs was “not acceptable” and that all of
its future nonstructural flood risk management and coastal storm damage reduction
recommendations must include the use of eminent domain as an option.59
Eminent domain refers to the government’s authority to seize private property for public
use. In terms of moving people away from flood prone neighborhoods, this strategy
would be better described as a “forced relocation” and not a managed retreat. So far,
local governments in New Jersey and Florida have refused to forcibly evict their
residents. In New York, however, the town of Brookhaven—which is located about 40
miles east of Jamaica Bay on Long Island—has agreed to use eminent domain, if
needed, in order to be able to participate in a USACE flood protection project.60 It is not
clear if any of the USACE’s storm barrier projects in New York City, either on Jamaica
Bay or in Staten Island, qualify for the use of eminent domain.
No matter how it transpires, relocating away from climate change is a difficult and
emotional process for local residents. The process of managed retreat essentially asks
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homeowners to sacrifice their homes and communities, and uproot their lives, often in
order to protect someone else's house in a different neighborhood. For many residents,
this can mean moving away from homes that have been in families for generations, and
allowing the government to tear down a neighborhood where they grew up, or raised
their family.
According to a 2017 study on managed retreat in Nature Climate Change, “managed
retreat is often controversial because of the social and psychological difficulties in
displacing people from their homes, ‘the central reference point of the human
existence.’ Other social and emotional attributes, such as attachment to place,
perceptions of the potential destination, and economic prospects, also shape attitudes
toward retreat. Managed retreat is not a low-regrets option, nor is it easily reversed.
Intangible costs, such as cultural-heritage loss, can be particularly high with retreat, and
decision-makers may shy away from the potential political contention.”38

Shirley Chisholm State Park, Brooklyn, 2019. Photograph by Nathan Kensinger.
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The Future of New York City’s Waterfront
With sea levels expected to continue rising in the New York region long past the end of
this century, it’s not clear what other long-term solutions there could be, besides a
retreat from the waterfront. Seawalls, levees, and storm surge barriers all have limited
design lives, and would need to be continually upgraded, strengthened, or replaced in
perpetuity. Raising homes and emptying out ground-floor spaces is only realistic to a
certain elevation, and only feasible if the streets and infrastructure around them are
protected from flooding. The city cannot reasonably expect millions of its residents to
start living 20 feet higher, above seawater, and do their daily business via boats.
Unfortunately, the city has steadfastly refused to entertain the idea of a large-scale
retreat from the waterfront and is instead increasing population density in numerous atrisk flood zones around the city. More than 400,000 New Yorkers currently live in
floodplains which have a one percent chance of being inundated in any given year. By
2050, these floodplains will encompass 25 percent of the city’s landmass, putting more
than 800,000 residents at risk.30 By the end of the century, these floodplains will have
expanded much further.
Limiting population growth along the coastline has been officially recognized as a
necessity by the city, within its planning documents. “With such a vast and populous
area subject to varied risk of flooding, it is evident that the city cannot simply retreat
from the entire shoreline. Therefore, the City’s land use policies across the floodplain
vary based on the degree of flood risk that exists in different parts of the city,” the
Department of City Planning stated in its 2019 Resilient Neighborhoods plan. “The City
believes that it is wise to limit future growth in neighborhoods that already experience
flooding from high tides, or are projected to experience daily tidal flooding due to sea
level rise in the near-term future.” 61
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Hunter’s Point South Park and Long Island City towers, 2018. Photograph by Nathan Kensinger.

Despite this recognized need for limiting population growth on the coastline, the reality
is that New York City and the Department of City Planning are currently actively
encouraging and allowing developers to build enormous residential towers in flood
zones throughout the city and working to create new rezoning measures that will allow
even more residential development in flood zones. At the same time that the managed
retreat was unfolding in Staten Island, tens of thousands of New Yorkers were moving
into new waterfront apartment towers in neighborhoods that were badly flooded during
Hurricane Sandy, in Williamsburg, Greenpoint, and Long Island City.62
In recent years, the NY City Council has passed rezoning measures that will bring tens
of thousands of new residents to live in at-risk waterfront neighborhoods. This includes
new apartment towers planned along the Harlem River in Inwood, on the Flushing
Creek in Queens, and on the Gowanus Canal in Brooklyn. A new megaproject named
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Arverne East will soon break ground in the Rockaway Peninsula, bringing 1,650
apartments to the oceanfront of Edgemere, an area that was completely underwater
during Hurricane Sandy.
All of these projects highlight a serious disconnect between New York City’s plans to
develop its waterfront and its recognition of the seriousness of sea level rise. In just a
few decades, the city may need to consider a managed retreat for all of the new
waterfront towers that have been built in the aftermath of Hurricane Sandy.
For those who study the science of sea level rise in New York City, a large-scale
managed retreat across the entire city seems inevitable. “It will be a city at higher
elevations,” said Dr. Klaus Jacob, a geophysicist at Columbia University’s Earth Institute
who served on the NPCC from 2008 to 2019, in a recent interview. “This will cost at
least in the hundreds of billions as a project because it’s not just the housing. If you
move around hundreds of thousands of people, it will [mean] changes for school
capacity, for medical facilities, parks, libraries, you name it. The whole infrastructure of
the city will have to adapt to this migration… New York City better adapt. Because if it’s
not adapting, it’s doomed.”37
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